INTRODUCTION
In 1994, the Korea Oil Corporation (present SK Chemical) developed the world's first humidifier disinfectant product and South Korea became the world's first country to use humidifier disinfectant as a necessity for life. In 2009, the pandemic of H1N1 influenza in South Korea increased interest in indoor hygiene and the use of humidifier disinfectant. By 2011, when the use of the humidifier disinfectant ceased, more than 20 products had been introduced and 18.1% of people had used humidifier disinfectant in South Korea [1] . After 2006, acute interstitial lung diseases in children and peripartum women showing high morbidity and mortality have been reported [2] [3] [4] . In August 2011, the Korean Centers for Disease Control and Prevention (KCDC) under the Ministry of Health and Welfare announced that odds ratio of interstitial lung injury associated with humidifier disinfectant usage was 47.3 (95% confidence inter- Victims of humidifier disinfectants suffer from physical disabilities and psychiatric symptoms such as insomnia, depression, and post-traumatic stress disorder (PTSD). Unfortunately, psychiatric evaluation of victims was not conducted at the time when we recognized that victims' physical disease was due to humidifier disinfectant. We began psychiatric assessment for victims from 2014. Therefore, the status of their psychiatric status might be different from that of victims of other disasters [5] . In addition, victims of humidifier disinfectants experienced complex traumatic events, including toxic chemical exposure, life-threatening accidents, and unexpected death of loved ones simultaneously. They did not recognize that humidifier disinfectants were toxic agents. Many individuals used humidifier disinfectants to keep a healthy and humid condition. Exposure to humidifier disinfectants induced various diseases as well as lung injury, even leading to death of their loved ones.
Encountering traumatic events such as accidents, natural disasters, war, terror, cancer diagnosis, and other severe illnesses activates certain coping processes that can protect individuals from being overwhelmed and help them adjust to the situation. Numerous studies have focused on coping abilities as mediating factors or predictors of patients' distress severity and psychiatric outcomes under stressful experiences [6, 7] . Especially, cognitive component plays a critical role in the coping process by affecting the way a person perceives and interprets adverse life events. Cognitive emotion regulation strategies can be adaptive or maladaptive depending on individuals [8, 9] . Maladaptive emotion regulation strategies have been associated with more distress symptoms or onset of psychopathologies such as depressive disorder and PTSD while adaptive strategies have been related to fewer symptoms and ability to overcome stressful situations [8, 10, 11] .
Struggling with a fatal disease of unknown etiology and losing loved ones to the disease are very traumatic and stressful events. However, what makes victims even more distressed and angry over time is realizing the fact that the immediate cause was the specific humidifier disinfectant that they had themselves chosen. Pro-active support for treatment and compensation must take precedence to help these victims. As part of these efforts, it is important to try to understand their emotional distress and explore if there are any factors associated with symptom severity or disease onset. Particularly, specific cognitive emotion regulation strategy per se can be targeted with psychiatric intervention if it is revealed as a possible bridge between external stressor and psychopathological outcome [12, 13] . The aim of this study was to explore the association between cognitive emotion regulation strategies of victims of humidifier disinfectants in Korea and their insomnia and other psychiatric problems.
METHODS
This study was approved by the Institutional Review Board of Asan Medical Center (2014-0840). Among 196 subjects who were experiencing humidifier disinfectant-associated lung injury (HDLI) confirmed by the Environmental Health Center of Asan Medical Center, 40 subjects who gave informed consent to participate in this study visited the psychiatric clinic of Asan Medical Center to assess their psychological states between June 2015 and May 2016. Their severity of insomnia was assessed using Insomnia Severity Index (ISI) [14] . Their anxiety and depressive symptoms were assessed using Hospital Anxiety and Depression Scales (HADS) [15] and Patient Health Questionnaire-9 (PHQ-9) [16] . Post-traumatic stress was evaluated using PTSD Checklist for DSM-5 (PCL-5) [17] . Coping strategies were assessed using Cognitive Emotion Regulation Questionnaire (CERQ) [18] .
The ISI is a 7-item tool for assessing the severity of insomnia. Cutoff of ISI for insomnia was set at 8 [19] . The HADS was designed to detect states of depression, anxiety, and emotional stress using seven depression items and seven anxiety items. The PHQ-9 is a 9-item tool for screening and diagnosis of depression related to DSM-IV. The cutoff of PHQ-9 for probable depression was set at 10 [20] . The PCL-5 is a self-report measure of DSM-5 PTSD symptom criteria [21] . Cutoff of PCL-5 for probable PTSD was set at 38 [17] . The CERQ is a 36-item questionnaire to measure subjects' cognitive emotion regulation strategy. Adaptive strategies (putting into perspective, refocus on planning, positive refocusing, acceptance, and positive reappraisal) and maladaptive strategies (self-blame, other-blame, rumination, and catastrophizing) can be assessed using this scale.
Statistical Analysis
Statistical analyses were performed using SPSS version 21.0 (IBM Corp., Armonk, NY, USA). Student's t-test for continuous variables and chi-square test for categorical variables were performed. Spearman correlation rho was estimated to explore the association between cognitive emotion regulation strategies and psychiatric symptoms severity. The level of significance was defined at p < 0.05 for two-tailed tests of all analyses.
RESULTS
Forty subjects (13 males and 27 females) with mean age of 40.3 ± 6.3 years (range, 28-62 years) were included in this study (Table 1) . The likelihood of their HDLI was classified by a referral to archetypal confirmed cases as follows: definite (n = 16), probable (n = 10), possible (n = 10), and unlikely (n = 4) according to the classification criteria of the Health Environmental Center of Asan Medical Center [22] . Three subjects underwent lung transplantation after lung injury. Thirteen subjects experienced their partners or kids' death from humidifier disinfectant use.
There was no significant difference in ISI, HADS, PHQ-9, PCL-5, or CERQ score between men and women. There was no significant difference in these scores among subjects grouped based on likelihood of HDLI (definite, possible, probable, or unlikely) either. No significant difference was found between subjects who did experience family members' death and those who did not. Scores of maladaptive cognitive emotion regulation strategies were significantly higher in subjects who were considered to have insomnia, depression, or posttraumatic stress (Table 2) . However, scores of adaptive regulation strategies were not significantly higher in subjects who were considered to not have psychiatric symptoms except positive refocusing strategies.
Subjects' adaptive cognitive emotion regulation strategies were not correlated with rating scale scores in this study (Table  3) . However, total score of maladaptive cognitive emotion regulation strategy was significantly correlated with all rating scale scores (all p < 0.01). Among maladaptive strategies, rumination and catastrophizing strategies were significantly correlated with all rating scale scores. In addition, other-blame strategy was correlated with PCL-5 and HADS-depression scores.
DISCUSSION
In this study, maladaptive cognitive emotion regulation strategy was associated with subjects' insomnia and other psychiatric symptoms such as depression, anxiety, and posttraumatic stress symptoms. However, no negative association was observed between adaptive cognitive emotion regulation strategies and psychiatric symptoms. Victims of humidifier disinfectants had psychiatric symptoms due to sudden lung injury or deaths of loved ones. However, delayed reaction by the government and manufacturers led to anger and frustration among victims. During this 5-year period of long-term frustration, some families were broken and some victims should have undergone lung transplantation. Victims blamed themselves for buying and using the humidifier disinfectant and letting their family members die (self-blame). They had anger toward the government and manufacturers (other-blame). They experienced repetitive thinking about the cause of lung injury and death of family members (rumination). They had the worst resultant frustration over delayed reaction by the government/manufacturers (catastrophizing). These might be associated with their psychiatric symptoms.
Studies on the association between individual cognitive emotion regulation strategy and psychological outcome under stressful life event have increased over recent years. Among nine cognitive strategies, rumination or catastrophizing was consistently related to more negative effect or higher depressive symptom. On the contrary, some adaptive strategies such as positive refocusing, refocusing on planning, and putting into perspective are related to lower depressive symptoms [23] [24] [25] . Very little is known about PTSD symptoms mediated by cognitive emotion regulation after traumatic events. However, findings are not dif- ferent from those for depression. More maladaptive strategies such as rumination and catastrophizing are frequently reported as predictors of developing PTSD or more severe symptoms whereas more adaptive strategies are related to lower symptoms or even posttraumatic growth [7, 11, 26] . Our findings of significant correlations between maladaptive strategies and insomnia, depression, anxiety, and posttraumatic symptoms are consistent with findings from previous studies. One distinguishing pattern observed in our results was that adaptive strategies were not significantly associated with reduced distress symptoms. Another remarkable feature was that other-blame strategy was associated with higher level of distress symptoms, unlike earlier studies. These results might reflect the unique situation that psychiatric examinations for victims were launched after the specific humidifier disinfectant had been shown as a cause of long-term mysterious disease. Humidifier disinfectant as a daily necessity that causes a disorder is an unusual disaster. Many victims were among the most active population of healthcare such as peripartum mothers. They purchased these humidifier disinfectants and used them every day in order to protect themselves and their families. The belief that they personally led to this disaster caused them to have serious sense of guilt and regret. Moreover, the Korean government and manufacturers showed delayed reactions to voices of victims and various civil-society Refocus on planning 6.0 ± 2.0 6.5 ± 2.1 6.1 ± 1.8 6.6 ± 2.4 6.1 ± 2.1 6.6 ± 2.0
Positive refocusing 5.0 ± 2.4 4.7 ± 1.9 5.4 ± 2.1 4.1 ± 1.7* 4.9 ± 2.2 4.7 ± 1.9 Acceptance 6.2 ± 2.0 6.0 ± 2.2 5.8 ± 2.0 6.4 ± 2.3 5.9 ± 1.8 6.2 ± 2.5
Positive reappraisal 6.3 ± 1. organizations. Psychological support should be given to victims for their depression and posttraumatic stress symptoms. Their maladaptive coping strategies driven from the disaster should be properly managed to reduce their psychiatric problems. We did not estimate the proportion of subjects' psychiatric diagnosis in this study. A psychiatric evaluation was not conducted at the time when the humidifier disinfectant was first recognized as a cause of the mysterious lung disease. When we began psychiatric evaluation for victims, their psychiatric symptoms were somewhat different from those of other previous disasters. In general, researchers categorize disasters into three types: 1) natural disasters (e.g., earthquake); 2) non-intentional, human-made technological disasters (e.g., the nuclear accident at Chernobyl); and 3) intentional human-made disasters (e.g. such as terrorism) [13, 27] . Humidifier disinfectant belongs to the non-intentional, technological disaster because it is a toxic chemical, like the itai-itai disease in Japan and Love Canal disaster in the United States. In these environmental disasters, a toxic environmental chemical that was accumulated for a long period was causing physical and mental health problems. After a considerable time, the cause of the disaster was then discovered. Therefore, many victims suffered from a disease of unknown origin. They did not receive proper treatment or compensation for a long time. Some researchers have reported that human-made technological disasters tend to have higher mental impact than natural disasters [28, 29] . We were unaware and unprepared to evaluate these victims, support them psychologically, and manage their coping strategy at the beginning. Henceforth, we should design a system to support these victims [22] .
The small sample size is one of the limitations of this study. About five years have passed after the humidifier disinfectant disaster, victims seem to have adjusted to their situation. In addition, since subjects are living in various cities in South Korea distant from Seoul where the Environment Health Center of Asan Medical Center is located, it is difficult for them to visit for follow-up checks of their psychological states. Second, results in this study did not reveal the causal relationship between victims' coping strategies and their psychiatric symptoms because we only performed a correlation analysis, not a prospective follow-up study. One should be cautious when interpreting results of this study to suggest that victims' maladaptive coping strategies are the ones that have influenced their severe posttraumatic stress symptoms. Victims suffer from physical and psychological stress. They struggle to keep their mind stable. Their coping strategies to adjust to their current environment should be respected.
In conclusion, we observed associations between humidifier disinfectant disaster victims' maladaptive coping strategies resulting from severe stressful events and delayed reaction of responsible manufacturers, their insomnia, depression, and posttraumatic stress. Managing their coping strategies is necessary to help them survive in their current environment.
